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Ref.XR,467/2
e Qbjsct of Trvest-uation

To explore the usefulness of direct phctography in the measurement
of droplet size distribution in sprays from liquid prepellant injectors.

2, Scope of Investigation

An apparatus for the low power photomicrography of sprays with spark
illumination has been set up, and a technique developed for the measurcacnt
and counting of the droplet images. The optimua conditions and possible
accuracy of the measurcment of the distribution of droplet sizes within
the spray have been investigated. The results obtaincd with several types
of injector are given in illustration of the mcthod.

3« Conclusions

The use of direct photography for the assessment of injecter spruys
has grecat advantoges in flexibility of application to varying typcs of
injcctor and conditions of operation, It is the only ucthod which can
give inforuation on the incipient statc of atomisution closc to the orifice
and undcr conditions other than thosc in the firec ataospherc. The
instuntuncous character and the limited volumc of the scmpling are
disadvantages when time average dlatriutions over a large spray volume are
requircd., A measuring and counting technique is described which reduccs
to o ainiuum the time and labour consumed in measuring up & loargc number
of photogriphs,

Measurcments on o system having a known porticle size distribution
have shovn foir reproducibility with counts of only 500 porticles, There
appears to be & systematic error in the measured distribution curve duc
to the small depth of fielde The volume median diameter is under-
estimoted by cbout 10% for o distribution ccntred around 200 ¢+ ond a
smell camount of distortion is introduced into the distributicn curve, This
degree of cccuracy should be sufficicnt for the opplicctions of droplot
size distribution doto cnviscpged, which cre coaparotive rather thon
cbsolute.
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Introduction

The principles of the photographic method huve buen discuss.ed in
the first part of tais report,

The aiu is to obtain a certain degree of definition over the
maxiuum depth of ficld. The optimum condition occurs when the
diszucter of tne circle of confusion (reforrcd to the object planc)
waich is dircetly proportional tc the numcrical apcrturc of the
lens system, is of similar order to the limit of resolution duc to
diffraction by this aperture. This is inversely proportion.l to
the nuacrical aperturc and the optimum depth of ficld cun be shown
to bc proportional to the squar: of the resclution requircd and
indcpendent of the degrec of magnification, At o fixcd valuc of
the nuncrical aperturc, the depth of ficld depends lincarly uporn the
diameter of the circle of confusion; thus, for large drops, wherc

. poorer dcfinition can be tolcrated, the cpparent depth of ficld

increescs. Bxperiaent has shown thot for droplct distribution with
volune mcdian diamctcrs of 200u the volume of sproy scmpled is
approximoteiy 7 by 5 by 1 cm. at cach cxposurc,

Sincc the droplet distribution is cxamincd within a voluue
cleacnt smll compared to the cxtent of the sprey, cnd since the
state of atomisation incrccses with inercasing distince from the
injecctor orifice, it has been found convenicnt to mecsurc the mean
distribution over o cross scction of the spray at o constant distiice
from the orifice. The distance at which a stable droplet system is
reacned variés with type of injector and the conditions oi operation.
The position ard number of the sampling volumnes chosen will be
determined by the type of spray examined. The sauples are viven
their appropriate weight and averaged over the total cross section.

Fxperinental Method

The arrangeuent of the causera, light source and spray is shown
in fig. (2). The camera is of the fixed focus type and uses a
36 cm. focal length Skopar lens covering the rclatively small image
area of 9 x 12 cm, Standard metal dark slides with cut film
adaptors are used and a ground glass screen is provided for
focussing the camera on the desired area. The use of a long focal
length canera lens is dictated by the nccessity of a convenient
working distance between the spray and the lens, 50 cumz in the
prcsent instance. In the preliminery experiment varicus
magnifications were tried; the maxinum magnification is limited
b, the light output of the source of illumination and the sensitivity
of the emulsion; the minimum value is fixed by the resolution of
the emdsion. This latter for process films, is about 10 giving
a mininum magnification of one half which would entail the usc of a
high degree of enlargement in the subsequent projection of the image.
A magnification of 1.8 was found to be most convcnient.

The minimun numerical aperture for a given resclutiocn can be
obtained from equation (16) P, 26; ref.l, this is rcloted to the f.
no, of the lcns and the magnificotion M, by the following cquation;
by the usual convention M is tasen to be of ncgutive sign.

M., (1)

N.A, =2t -
sz.no. , M=1
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For o resolution of %O;Athu ainiaun nuaeric.l (porturce for lizht of
wove length 0.4540 is 1075; thus the required fo no. with o .ugnificution
of 1.8 is f 1l:32,

At tais cperturc :nd with the nurrow ficld uscd, the rosiducl
o“errations of the objective, wita the exception of caroaatic effects
are neglipgible. The latter are ninimised by using a source rich in the
blue=-violet-range of the spectrun and & non-colour sensitive eaulsion,
The rullard L.8.D.2. tube used is said to have its maxiuum output at 0.424¢
and proccss emulsions have a naxiium sensitivity at 0.454 « It was
found desireble to use & slow emulsion in order to obtain a high degrce
of contrast; Ilford process filu developed in I.D,2, developer at 18%¢
for five minutes was found suitable,

he light source is a Mullard L,S.D.2 flash tube, discharging
a 2 mfd, condenser charged to 7.5 KV; the pcwer supply and triggering
circuit arc conventional. The tube is placed at thc centre of curvature
of a refloctor and is imaged on the diaphragm of the objective by means
of thc condcuser lens I -0 qﬁﬁb%gcal length. The field illuminated
is restricted to that covéred/by ucans of the diaphragm Iy.  The
effcetive photographic duration of the flasb of the L.S.D.2. tube under
the above operating conditions was found to be two .to four micro-scconds,
somewhat longer than that quoted by the makcrs. It is, howcver, short
cnough to give sharp images of droplcts moving witn a spced of less than
five netrcs per second. The results sug;cst tuat this condition holds
for most sprays, at distances of ebout 15 cas from the orifice, with
injcetior pressurcs of up to twenty atmnosphercs.

To obtuin & good dcfinition of the nascent sproy ut points closc
to the oriiicc, wherc the velocity is not umch less tuen the tacorcticul
value (if %0 = 10 ats/gus/ce, V= Lhe5 actres/scc., it would be dusirable
to use flesaes of not greater than 0.5u% duration. The duration of the
discuarge is royghly proportional to the cspacity of the discnarge
conderser; und the energy of the flash, to the product of the capacity and
the scuare of the voltage, Thus, in order to uaintain the saune li ht
output while reducing the cupacity by one quarter, it is necessary to
double tihe voltage. The L.5.D.2. tube becomes unstable at voltages over
12 KV so that it is not possible to modify the standard type of equipment
to give shorter flashes at the same lignt output. It is intended to
usc a trizgercd magnesiua gap inspir with voltages up to 20 KV to give
a serics of helf-micro sccond flashcs at 100-1000 ;48 intcrvals. This
could be used in conjunction with & rotating mirror cuacra to give
consccutive photographs of the nchaviour of jots closc to the orifice
and at points of impingeument ond of the behuviour of injectors for self
ignitine fucls during sterting conditions.

AS can be scen from the diepram, the injoctor sproys inte a motul
tank with windows on cachn side placed between the condensing lens ond
the cancra. 'The tank has on outlet at its buse, so thot the sprayed liquid
awy be drown oif, and hes ot the top an adjustible cloamp for the injector,
This is constructed so tict thc position of the injcctor can casily be
altercd by moveacnt clong the opticcl rxis cnd in the vertieal and
horizontel dircctions perpendiculer to it. It con be tilted in the
vewticil plenc contoining the opticil cxis, so thot the dircction of
motion of the drops con be mede porcllel to the objeet plonc, tnd
crn be rototcd cbout the injector cxis, By tais meins the position of
the injector con be vericd so os to bring the ports of the spr.y sculcetcd
for scapling into the ficld of thu cimert. «nd illuuin ting systea. The
deeision .o to thc nuiber ¢nd position of the photo ruphs uw.dc wita
caci sproy depends on the type of spr.y injuctor, i.c. countrifu; i or

fiupin ing
&
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iupinging jet, the degree of symetry of the spray and the distribution
of density. The latter is best deteruined by making a prelininary
patternation test. Two nethods have been used: in the first the
distribution is exsmined gualitatively by spraying on to a liquid surface
as in fig. (7); in the second, the spray is directed for a convenient
tize into a tray divided into sections, the volumne collected in each
section, measured and the fraction of the total volumne calculated. The
type of tray used for centrifugal sprays is shown in fig, (11).

At the moment of writing only one pressurised supply of liquid is
availsble; the liquid is held in a spherical aluminium container ef 60
litres capacity which can be pressurised up to forty atmospheres with
compressed air or nitrogen. The liquid is fed via a valve and flexible
hose to the injector, a head mecasuring gauge being inscrted into the
supply linc just before the injector. A gauze filter is inserted between
the supply tank and the measuring point to prevent particles of scale
from the piping system blocking the injector orifices. The layout ef
this supply is shown in fig. (2).

Two other sources of the supply arc in proccss of installation; a
high prcssurc (up to 100 atnospheres) reciprocating watcr compressor
and a pump for kcrosine, In the meantime thc single pressurc vesscl is
uscd both for kerosine and for watcr. The injectors which have been
exanincd are designed for use with the nitric acid/kerosine bipropcilant
and the monopropcllant dithekite. Up to the present it hus not been
practicuble to usc nitric acid or dithekitc in spray tests. The rclevant
physigul constents of 98% nitric acid and dithckitc arc as follows
at 25 C;-

Propellunt Density g/cc Kinematic Surface tension~iyn:.
viscosity cs. dynes

Dithekite D.13 1.37 1.18 41,5

98,v nitric acid 1.5 0.60 40

Liquids with physical properties similar to those of nitric acid and
dithekite have not been available. Injectors designed for use witih these
liquids have been tested with water; it is possible that the effect of
density nay be allowed for by comparing the results at & constant value
of AR/ but not enough is known of the effect of surface tension to allow
conclusions to be drawn about the drop size distribution of one liquid from
ncasurcuents with another,

The greater part of the time required for the assessment of drop size
distribution in injector sprays is consumed in the evaluation of the
negative. For many comparative purposcs it is sufficient to nake an
enlarged print when major diffcerences in the average drop size are
aoparcnt to the eye. If morec exact inforuation is required, the images
st be measurcd and countcd. This can be donc with & low power miero-—
scope and an eye piecc with a graticulc, but it is far less fatiguing
when counting largc numbers to project thu ncgative on o ground glass
scrcen in a slightly darkencd room. The aost uscful mothod of
presentation of drop size data is in the foru of a groph of the cumilative
volunc fraction oversize. If the curve should fit the Rosin Ramaler
distribution law, which cun be asccrtainsd by plotting vilucs of log

. log 1/R (R is thc volumc fraction of sproy having dicacter » d) agoinst

valucs of log d when o straight line of slope n should bc obtuincd, the
distribution ccn be expressed in torus of . size constint do, «bove which
lics 1/gth of the totol sproy volume, tnd the distribution const.nt n
cccording to the equation -, g\

o= & % (2)

/The
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The volume distribution curve is obtained by dividin; the total
range of droplet sizes into groups and counting the nurber of droplets
in each group. This nuiber is sultiplied by the cube of the mean
diameter of the group to obtain the increuental volume, and this,
divided by tae sumn of the incremental volumes of each group, gives the
volune fractions in cacnh size group. Thus, if Nj is thec number of
droplcts having diametcrs between di and d3-~d, end if the arithmetic
moan -diamctor of the group dy = d3 - ©d/2, is taken:

i .";.[i. %
'\ - Niq X N: . (3)

& e b~
[a}

Ri can then be plotted ageinst di to give the required
distribution curve. It is found in practice that the nunber distribution
curvc has o maximum, and it is only necessary to consider droplct sizes
down to about one tenth of the size of the largest droplet in the spray
sample, the volume fraction of droplets bclow this size being negligiblc.
It is convenicnt to divide the total roange of diamcters inte about ten
equcl groups for the purposes of measurcment cnd computation. Since
the liait of resolution imposed by the optie:l systems is about 20
microns, thc minimum increment of dicmeter which hos significcnce is
cbout twice this., For sproys with size constants of less thoan 200
aicrons, thc error in the distribution curve duc to the finitc width
of the disscter increacnts moy become cpprecicble. In order to find
the mo.gnitufc of this crror the distribution curve for 40 micron
dicucter incrcments was colculated for o sproy hoaving o distribution
given by the equotion:- /d 4

R= ¢l ,
The method snd details of the ccleulution arc given on P.39 of
roZ.l,

!,__;______-_F___- i [_,+__r_ﬁ!3 oy e _...._! [
-~ ' e i - . I . : - l . ! 13 ! . \ -
i.._%QQ.. al£03 0.5; 0?! _0__9 i 11._ = _l._5l7
| _R.... .. .9999.1 9919 .93% ' .7866 | 5169 .2522 . . 0578, . 0061, | 0002
R for 4Oy | ; = i _ .. !
intervels | 1.0 1 29938 | .-94.5.6+-Z.9.9Z,,i.:.i%—?o.. _ #2302 ] +0595 | » 0065 |+0000)
: ' i ‘ : ! .

i §x1 * | L j 19 4 2 ; 131 l 6L | 40 } 7 | a &

The differences arc surprisingly smcll ond arc well below the
expcrinentel orror. They will of course, incrccsc ropidly with
incrcese of 8d /dﬁ

In order to facilitate the mecsurcuent of the number of drop imoges
hoving dicmcters between di ond di = & d the following tcchnique wes
developed., The drop imnges arc projectcd on to & ground gloss screen;
the magnification can be varied between five and twenty five diameters
by adjusting the prajecticn distance. The image is viewed from the
side of the screen far from the projector, the ground surface being
placed on this side of* the glass sheet to avoid parallax errcrs. The
drops are compared in turn with the adjustable calipers illustrated
in fig. 3. This has ten settings of the distance between the measuring

/cdges



edges from 2 ma to 20 mn increments. The setting is deter.dincd by the
pcsition of the ten pole sclector switch by mecans of a wire winding on
the axle of the switch. The contacts of the switch are uscd to sclect

one of ten telephone message counters. The calipers are placed on the
glass scroen over a drop image and adjusted so that the drop diamcter

is less than the distance betwcen the straight edges but grecater than

the distance between the next lowest sotting, and the counter circuit
complcted by pressing the key. This registers the drop on the appropriate
counter and at the sane time marks the ground glass screcn at the

position of the drop image by means of a piece of pceneil lead attached

to the kcy. Thus drop images which have becen counted can be rcadily
differcntiatecd from uncounted imagese. Frior to thc count the magnification
of the projection systcm is adjusted so that thc diamcter of the image

of the largest drop to be counted lies within the largest sctting ~f the
calipers. Then the images down to a tenth of this largest diameter may
be mized:into ten groups. A counter circuit which is independent of the
selection switch registers the total number of drops counted. It has
been found that, in order to cbtain a reproducible distribution curve,

a minimun of 500 drops, excluding the lowest diameter interval must be
counted. Therefore, for each sauple of the spray for which a distribution
curve is desired, a volume of the spray such that it contains not less
than this number of drops must be assessed. If & valuc of the depth

of ficld is assumed, the concentration of liquid in the spray can bc
calculated from the total drop volume and the volume corresponding tc

the negative area. Since, as has becn mentioncud, the dcpth over waich
the spray is mecasurcd tends to increase with drop size, it is safer to
restrict comparative densities calculated in this way to spruys of

siailar orders of drop size,

The size distribution curve for a complcte cross scetion of the
spray cun bec calculated from the distribution measurcd ot a nuuber of
sampling points by summation, each curve being weightcd by the voluue
fruction of spray passing through the area ropresentcd by the sumple,
as in the example at the foot of page 8. In many instunces the
distribution curvesfor each sampling pcsition are not required und
it saves time in calculation to 2dd the drop nuiber/size counts together
and to colculate the overall distribution from the totul, It is then
necessary to ensure that the sampling volume. i.c. the negative arce
counted is & constant fraction of the spray voluice sampled. For instance
if the cposs section is dividcd into annular segments as in fig,l1l the
negative area counted for section A and C would be in the ratio of thec
rodicl distances of the sampling positions. The sucllest negotive area
taken should be large enough to moke plausible the assunption that the
liquid density over thc scmpling volume is closec to the tiue average
vidue,

The reproducibility ond the cccuracy of the computed distribution
curves obtained from photographs of sproys extcuding over depths greater
then the thcorctical depth of focus were exomined by toking phetographs
of a suspension in water of paraffin wax spheres contained in two glass
absorption cells, respectively 1 cm and 2 cus. thick. The distribution
curve for the wax suspension was also deternined by sanpling on a slide

"and measurisg the spheres in a microscope field with a cosparison

eyepiece; this latter distribution cwrve is reproduceq in curve
of fig. (6)s It obeys the Rosin Ramuler curve

4.-
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Curves B and C are the distribution curves of the suspension
photo raphed in cells 1 cu. and 2 cas. thick respectively. They do nct
give a straight line from a plot of log log™ R against log d; therefore
it is not possible to estimate the small change in the value of n, the
distribution constant, The value of dy for R = 1/g can be seen froa the
curves to have decreased from 237 4 to 230 44 and 220 M in the case of
the 1 cns and 2 cn. cells respectively. When the curves are superiaposed
at v8=do it is evident that above 2004/ they are similar, while in the
lower drop size ranges the values uf R for curve ¢ lie .above those for
B which in turn excced those of curve A. This confirms the prediction
that as the depth of field is increased the larger droplet sizes will
bec over-weighteds The apparcnt shifting of the curves toward the erigin
can bc explained as being duc to the under-cstinatiey of drop diaacters
wiaen the drops are at the extreme liasits of the ficii., Tn the photograph
of onc centimeter thickness of suspension uwost of the images appecared to
be sufficicently well defined for mecasurcuscnt. The practical deptan of ficld
is thereforc scveral times greater than the theorctical®, and the cexplanation
of this probably lics in thc high contrast of the caulsion, It would have
been intercsting to examnince the accuracy of the methnod using other drop
gsizc distributions but it was dececidud that the degrec of accuracy requirced
did not warrant an cxtunsive investigation of the absolute uccuracy of the
technique. The nuiber of sauples required to give adequate represcatution
ronders tne method somewhat laborious for the precis. ucusurcucnt of
overall drop size distribution exccpt when the totul spray voluac is suell
or the¢ droplet distribution is spetially homogencous.

Results

The general application of thce metnod to rocket injcctors cun best ve
scen from the following exauples. Droplet sizc measurements arc uscful only
in so far as they may enable predictions to be madc of their porforucnce
in the rocket motor. As has been stutcd in the first part of this rcport,
knowledge of the mechunism of combustion is too vugue to ellow more then
the a priori conclusion that decrcasc in droplct size should incrcuse the
rute of ceombustion and diainish the time for completc combustion.
Corrclation of the spruy properties of injectors with their perforacnce
in the corbustion chumber must be made the mcans of determining the order
of magnitude of the influence of dror size on performuncc.

The combustion efficicncy of a motor dcpends upon the degree of
atomisation, the rate of combustion of thc propcllant, and thc time spcnt
oy the propellant in the combustion chuiber., The combustion officicncy
of & particuler injector/combustion chomber systea may be mcasurcd by
dotermining the ratio of the cctunl to the theoretical specific iupulsc;
tho tiac spent in the coubustion chamber is not casy to ccleulate, but
acthods could be found of measuring jts mcon veluce. It is usually assuacd
to be proportional to the valuc of L= the ratio of coumbustion chamber volume
to throat arca although for cylindricel chombers the length would scea to
be o sufficicnt triterion, For a given injcctor and propellant systea o
ainizma I ean be found at which the cefficicncy begins to full of'f. The
injcector should then be modificd so as to vary the droplet sizc of
distribution, whilc arffceting the timc spent by the propellint in the
coubustion chamber as little wus pogsiblee (Until such w progro.auac of

,/rescarch
» In Part T of this Report it is shown thit thc )
theoreticel deptin of ficld for a 20/1 cireclc oi confusion is 1.0 am.
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researci is under way, aeasureuents of the spray properties of particular
injectors are of liaited interest, and the following exauples are quoted
only to show tie scopc of tic photographic technique,

Firurc 4 shows scctions of negatives of the spray produced by an
injector designed for a 100 1b. Dithekite metor. The injector (drawing
No.4012) is a single orifice swirl type having interchangeable swirl
plugs, onc in the form of helical screw and the other (drawing No.4018)
having four tangential inlets and a central orificc. The former gives
a hollow conc spray of angle 60° and the latter an unsymmctrical
distribution illustrated in fig.7. The throughputs are similar and
the results of a water test are plotted in litres of wejer per second
agninst the squarc root of pressurc head, (atmospheres)2, in fig., 8. The
photographs shown in fig.h4 arc takcn with water as the sprayed liquid at
injection pressures of 6, 9 and 15 atmospheres witn cach of the swirl
plugs. They illustratc the rclative incfficicncy of the tangential plug
uscd; since the differcnces in the two sprays werc of high order, no
attenpt wes madc to exaaine the sproy over the entire cross section,
Several saaples were taoken at points which rcpresented the major port
of the liquid flow at o distunce of about 20 cas. from the orifice, wnd
the portions of the ncgative showu txc roughly representative of the
sprey os o wholc. Fige 5 shows the drop size distribution of the sproy
scaple given by the two types of inscert as o function of inj=ction
pressurc. The dismeters ubove waicn lic & fraction 0.5 of thu spruy
voluue (termed the voluus wmedicn dimueter), sre tcbulated below:-

i
(]

ype of insert | Weter Injeetion Pressurc in cEiloSpRercy
Helicsl ! 250 s
' !

-
) 2y | 150 4

| Pangenticl with : |

central hole

o -

6504 | STOK | 370

— e —

The results are presentcd in the forum of curves wnd the volumc
qcdiun dicmeter beccusc the imprecision of the method dogg not alloy the
distribution to be fitted to o curve of the fora R =84-Q§ ond
cherocteriscd by the two constants d, cnd n.

The volunc median diamcters decrease with increcsing injection
pressure but those with the heliccl screw insert urc consistently rother
less taen holf thosc obtoined with the slotted plug. Figures 9 cnd 10
illustrc.tc the appeorcnce of the spray on leaving the orifice. It would
topecr thot the velocity losses in the swirl chamber of the injector when
using the tengentially slotted plug arc much greoater than these with the
helical screw. The relatively poor atomisation of the former must be
in part due to the lower relative air-liquid velocity. The shape of
the drop images indicates that even at 2C cm. from the orifice secondary
break up of the drops is occurring.

Tn order to obtain an estimate of the effect of surface tension,
photographs were also taken using kerosine as the sprayed liquid. The
variation with pressurc and injector type is siiilar to that oglpatur,
valucs of the volume mecdian diameter at comparable valucs of avp
being about 25% less than those wita water.

The second exanple illustratcs the aethods of averacing the drop
size distribution curves over the spray volume to get tae distribution
curve representative of tiue wnole spray. Tac injector (drawing Mo. 40067 )
had beer designed for a 100 1b. motor operating on nitric acid and
kerosine, the latter being injected from a central swirl nozzle wnd the

/nitric
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nitric acid coaing through an annular orifice concuntric with tic
knrgsine orificc. Thc inner kerosine spréy has & conc anglc of wbout
100"; the distribution of licuid across a cross scction of the sproy is
shoun in figure (11). The patternating troy is divided into four
quadrunts numbered 1, 2, 3, 4 which are subdivided into annular zones
lettercd A, B, C, D and E starting froam the periphery of the spray. The
figures in cach compartucnt rcpresent the froction of the spruy fulling
in that compurtacnt. The positions at which sample photographs were
token, correspond to the midpoint of cach quarter zonc, The sct of
negatives corresponding to each anmular zone A, B, and C are asscssed
together; the sanc negative area being covered in ecch of the four
positions denotecd by the figures 1, 2, 3 and 4, The totcl cren is

such «s to give o count of between 500 and 1000 droplets. Hoving
obtoined o distribution curve for each annulus' they arc averaged over
the threce zoncs A, B and C, the fraction of the sproy folling in the
central zones being smcll in the present instance.

Thus if ~. are the volune fractions in each zone and RN i85 the
froction oversize at any droplet diameter

\ (&)
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The distribution curves for the A, B and C zones together with the

mean curve are shown in figures(1l3 for the Eerosenelsprayratij..y ot

6 ctuospheres injection pressure. The volues of the voluwe medion

diameter agoinst injection pressure are tabulcted below.

|

R= };_‘ R,

Injection pressure in atmosphorcs 6 9 15
Volune mocdion diamecter in 190 160 160

The outer sx®ilur orifice intcndgd for the oxidint wus toested
with waters The cone ancle was 110 end the soray foruwd © hollow
conc of which the overall thickness wos not more thin 2 cms ot o distunce
of 20 cums, from the orifice. No attempt wos mode to subdivide this in
zoncs since the mean dicmeter of the droplets wos such that the depth of
the sproy was covercd by onc focussing distince,

Injcetion Pressurc in atmospheros 1 3 6',:% .15
Voluso medion diamctor in 600 530 500 530 480

i The effect of incrcosing injection pressure in deervasing the medion
droplct size of the spray is rother saeller for this injector thun wny of
thc others cxemined. It is probebly related to the lurger cone angle of
the Spm.

Progrcme of Rescarch

The examples given of spray droplet size deteraination show that
a fuir depree of accuracy can be obtained by dircct phetogrophy. The
time and lobour involved incrcase with the degree of accuracy, ond fin
order to deteramine thc precision neceded it is thercfore necessary to
investigate the e¢ffcet of spray droplet size on the functioning of
rocket motors.

The problem of designing o serics of injectors for corrclation
with proofstand tests giving o wide variction in mean droplet size
but with siailor distribution patteens is not on casy one. The last
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point is of particulir iamportincc in bipropellint systous wicre toc
degrec of mixing of the two componcnts uust in part deter.dne the
co.bustion efficicnecy. The effect of changes in droplet size will be
clearcr in monopropellunt motors or thosc in which the coaponcnts arc
prouixeds The multi orifice injector sccus to offer the bost cpprocch
but if thc individucl orifices erc to be ande lerge cnoush to cliuaincte
troublc duc to blocking it is necessery to usc motors of over 500 lbs
thrust. In the meantime a nitric acid/kerosine injector for o 500 1b.
aotor is being designed to use interchangecble Todd orifice plates of
which thc number and size of orifice can be casily varied.

The photographic technique will also be used to study the proccss
of atouisation under teuperature cnd flow conditions siailer to those
in the coubustion chruber ond possibly to macasure the rate of coubustion

of sanll droplets of monopropellonts,
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FIG.4. DITHEKITE INJECTOR DRAWING N? 4014
WATER INTO AIR AT | ATMOSPHERE

MAGNIFICATION X 7-3
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FIG 9.

DITHEKITE INJECTOR WITH HELICAL PLUG
DRAWING N° 4014
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